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Abstract 



One notoriously difficult problem in perturbative gauge mediation of supersymme- 
try breaking via messenger fields is the generic presence of a phenomenologically unac- 
ceptable vacuum with messenger vevs, with a lower energy than the desired ("MSSM") 
vacuum. We investigate the possibility that quantum corrections promote the latter 
to the ground state of the theory, and find that this is indeed feasible. For this to 
happen, the couplings of the messengers to the goldstino superfield must be small, 
and this implies an additional suppression of the MSSM soft terms with respect to the 
supersymmetry breaking scale. This in turn sets a lower limit on the masses of the 
messengers and of the supersymmetry breaking fields, which makes both sectors inac- 
cessible at colliders. Contrary to other scenarios like direct gauge mediation, gaugino 
masses are unsuppressed with respect to scalar masses. 
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1 Introduction and conclusions 



Gauge mediation of supersjTumetry breaking [T] is an attractive way of solving the 
flavour problem of supersymmetric theories. In its minimal version, it leads to a highly 
predictive spectrum which has been extensively studiecElfrom a phenomenological view- 
point [HI [71. On the other hand, the construction of an explicit supersymmetry break- 
ing sectocl coupled to messenger fields p] responsible for the generation of the MSSM 

^More recently, there has been an intense activity aiming at providing generahzed gauge mediation 
models O H] and at studying their phenomenology [5j . 

^For a review of the recent progress on the subject, see e.g. Ref. [S]. 
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soft terms leads to instabilities of the scalar potential in the messenger direction, and 
therefore to dangerous vacua breaking the electric charge and colour. While the de- 
sired MSSM vacuum can be locally stable with a lifetime exceeding the age of the 
Universe [TOj , it would clearly be more satisfactory to avoid the messenger instabilities. 
Recently progress was made in this direction in scenarios in which messengers are part 
of the supersymmetry breaking sector, dubbed direct gauge mediation models jTT] . 
However these generally have difficulties in generating large enough gaugino masses, 
and more work is needed in order to construct fully realistic models. 

The purpose of the present letter is to investigate whether it is possible at all to 
avoid messenger instabilities in explicit, perturbative supersymmetry breaking models 
coupled to messenger fields. Based on the analysis of a specific class of models of the 
O'Raifeartaigh type, we find evidence that this is indeed possible, provided that the 
coupling of the messengers to the goldstino superfield is sufficiently suppressed with 
respect to their couplings to other fields from the supersymmetry breaking sector. We 
shall consider the following class of models, written below in the canonical form of 
Refs. da [13]: 

W = fX+]^ (/if )X + /if Vl + rUaVaYa + {XxX + \xi + M)4>, (1) 

where X is the goldstino superfield, Xiy Va and Ya are the other fields needed to break 
supersymmetry, and (0, (p) are the messenger superfields. Here and in the following, 
summation over repeated indices is understood. Notice that the R-symmetry of the 
O'Raifeartaigh sector [T3] is broken by the messenger couplings. As we are going to 
show in Section [3l a necessary condition for avoiding messenger instabilities in the one- 
loop effective potential reads (written for simplicity in the case of equal O'Raifeartaigh 
masses ma = m and with all couplings evaluated at the scale jj, = m): 

OTT^ Z — / 
a 

where (X-ha) = Xih^^\ This result is vahd when the masses of the O'Raifeartaigh 
fields are small compared with the messenger mass M. 

We emphasize that, once the condition ([2]) is imposed, gaugino and scalar masses of 
the same order of magnitude are generated by loops of messenger fields. In particular, 
there is no contradiction between the one-loop stability of the MSSM vacuum and non- 
vanishing gaugino masses. This is to be contrasted with the tree-level supersymmetry 
breaking models discussed in Ref. [13], in which gaugino masses are not generated at 
the one-loop level and at leading order in supersymmetry breaking. The class of models 
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we consider evade the conclusions of Ref. [13] because the pseudo-modulus space is not 
stable at XxX + XiXi + M = 0. 

As we are going to see in Section [3l the one-loop stability of the MSSM vacuum 
requires heavy messenger and O'Raifeartaigh fields, which are therefore out of reach of 
the LHC. 



2 Generic O'Raifeartaigh models coupled to mes- 
senger fields 

In this section, we review the tree- level vacuum structure of generic O'Raifeartaigh 
models coupled to messenger fields, and point out the instability of the scalar potential 
in the messenger direction. We adopt the parametrization of Refs. [131 [E] : 

W = X, fii^a) + gM + (A-X + M) , (3) 

where Xj, i = 1 ■ ■ ■ N and (fa, a = 1 ■ ■ ■ P are O'Raifeartaigh fields, (0, 0) are messenger 
fields, and we have defined A-X = J2i AjXj. 

2.1 Tree-level vacuum structure and messenger instability 

The F-term equations of motion are given by: 

-Fi = fi{ipa) + Ai00 , -Fa = Xi dafii^b) + da9{^b) , 

= (A-X + M)0, -F^ = 0(A-X + M) , (4) 
and the tree-level scalar potential reads: 

I _ 2 

V = ^ /i(V5a) + Ai00 + ^^IXidafii^Pb) + dag{(Pb)\^ 
i a 

+ |A-X + Mr(|0p + |0p) . (5) 

In the following, we will assume that the MSSM D-term vanish at the minimum of 
the scalar potential, such that (0) = (0). Let us now review the conditions for tree- 
level supersymmetry breaking, assuming generic functions fi and g. Supersymmetry is 
broken for X > P in the absence of messenger fields, and for X > P + 1 when they are 
present. With this condition, the equations Fa = F^ = F^ = can always be satisfied, 
leaving X — P tree- level flat directions, which are linear combinations of the fields Xj. 



4 



The vevs of the fields Lpa^ on the contrary, are completely determined and the functions 
fi{(Pa) can be chosen such that (ipa) = (this will be the case of the models we will 
specialize to in Section |3]) . 

The models defined above possess two tree-level vacua (or more precisely two local 
minima extending to pseudo- moduli spaces): 

• a vacuum with vanishing messenger vevs, = = 0, and energy 

Vi = f, (6) 

where we have defined = ^j/i/j. This is the phenomenologically desired 
vacuum, and we shall refer to it as the MSSM vacuum. 

• a vacuum with non- vanishing messenger vevs 
located at A-X + M = 0, and energy 

i 

where we have defined |Ap = J2i AjAj and A-/ = Aj/j. We shall refer to this 
vacuum as the messenger vacuum. 

Comparing Eq. (|6]) with Eq. (|8]), we can see that the unwanted messenger vacuum 
is the ground state of the model. Moreover, the pseudo-moduli space extending the 
MSSM vacuum is not stable everywhere: atA-X + M = 0, = = becomes a local 
maximum and one is driven to the messenger vacuum. This is the vacuum stability 
problem mentioned in the introduction. The purpose of the present letter is to find 
appropriate conditions ensuring that the MSSM vacuum is the global minimum of the 
one-loop effective potential. 

2.2 Flat directions and their lifting 

In order to remove the instabilities of the tree-level vacuum along the pseudo-moduli 
space, quantum corrections should stabilize all flat directions of the O'Raifeartaigh 



fi 



lAP 



A-/ 



IA-/P 
lAP 
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sectoiij. A necessary condition for this to happen is that the N — P flat directions 
appear in the fermionic and/or scalar mass matrix, since these matrices determine 
the one-loop effective potential through the Coleman- Weinberg formula [16]. In the 
absence of messenger fields, the fermionic mass matrix takes the form: 

Mp = ( ° ^""^'^^^ ] (9) 

in which the tree- level flat directions appear through the P{P + l)/2 combinations: 

Xab = Xidadbfi{(p) , (10) 

out of which min{A^, P{P + l)/2} are independent. It is easy to check that the scalar 
mass matrix depends on the same combinations of fields. Taking into account the 
condition for supersymmetry breaking, we arrive at the following necessary conditions: 

P + l < N < ^^il±3. . (11) 



2.3 Comparison of the tree-level vacuum energies 

The purpose of this letter is to show that quantum corrections can promote the MSSM 
vacuum to the ground state of the theory at the price of suppressing the coupling of 
the messengers to the low-energy goldstino superfield. For this to be possible, the 
difference between the tree-level MSSM and messenger vacuum energies, 

AV = V,-V2 = , (12) 

should be small compared with Vi and V2. This requires: 

iA-/r « \M'f- (13) 

The condition f|T3l) has a simple interpretation in terms of goldstino couplings. The 
low-energy goldstino superfield is defined by: 

•' i 

^Notice that if we accept to live in a metastable vacuum, this condition is actually sufficient for 
phenomenological viability. 
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such that, in the MSSM vacuum, Fx = —f while the orthogonal combinations Xi 
[i = 1 ■ ■ ■ — 1) have vanishing F-terms. Denoting by Ax = f)/ f the coupling 
of the messengers to the goldstino superfield, we can rewrite the condition (fT3|) in the 
simpler form: 

|AxP + $^|A^jM . (15) 

When Eq. (|T5|) . or equivalently Eq. (|T4|) . is satisfied, the tree-level MSSM and messenger 
vacua are sufficiently close in energy for quantum corrections to significantly affect the 
vacuum structure of the theory. 



3 One-loop corrections to the vacuum energy 



We now turn to the explicit computation of the one-loop effective potential in the 
subclass of models defined by the following superpotential: 



where i 



W 

■ Q and a 



(16) 



1 ■ ■ ■ P. The F-term equations of motion read: 



-F 



-F. 



-F^ = (A-X + M)0, -F^ 
and the tree-level scalar potential is given by: 



(A-X + M)0 



(17) 



i 

+ |A-X + Mp 



+ 



At tree level, {ipa) = (Xa) = is realized for large enough values of (for instance, in 
the MSSM vacuum the condition reads > \ha-f\). Supersymmetry is broken for any 
Q > 1. In the MSSM vacuum, the Xi fields are tree- level flat directions, whereas in the 
messenger vacuum there are Q — 1 fiat directions if one imposes the D-term constraint 
= 0. The fermionic mass matrix has the general form: 



Ml 
M2 



(19) 
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where 

Mr = (^^^^ (20) 

\ Ula / 

and 

/ X-X + M Xj4)\ 
M2 = X-X + M Xj(f) . (21) 

\ Xi4> X4 / 

In order to compute the one-loop vacuum energies, we shall perform the approximate 
calculation of the effective potential using the one-loop Kahler potential [T7] : 

A-'" = - J^Tr(M,Mt|„^l|Mij. ,22) 

Then the one-loop scalar potential is given by 

V = {K-%j F,F, = Vo + V^'^ , (23) 
where at the linearized order in the corrections to the Kahler metric we find: 



/i2 dXi dX 



F,F, . (24) 



In Eqs. fl23|) and (El]), {K ^)y is the inverse of the Kahler metric Kij = q^qj^ , and 
/x^ are the eigenvalues of MpMp. 

The eigenvalues of the mass matrix of the O'Raifeartaigh fields cpa and Ya, Mi, are 
easily found. Writing: 

MIMV = I ^^''%tf^ 1 , (25) 

mahi'X! ml 



one obtains the eigenvalues (a = 1 • ■ ■ P): 



(26) 



where, without loss of generality, the have been assumed to be real parameters. 
The contribution of the fields to the effective Kahler potential is then: 

Tr ^MM^-^^^ = E |(|/^«X.P + 2m^)ln^ 



r—. \h^:^Xi\ + J\h^:^Xi\^+Ami . 

+ 2 |/iWX,|^|/iWx,|2 + 4m2 In^ ^ I, (3?) 



In the absence of messenger fields, the one-loop effective potential can be easily 
analyzed in the Kahler approximation (in the small supersymmetry breaking limit). In 
this case the fermion mass matrix reduces to A^i, and the Kahler metric is given by: 

Ki, = 6,, + Z^hfh^^ , (28) 

where 

1 I ml 2m?„ 
Za = { In-^ + 2 



32vr2 1 A2 |/i«X,|2 + 4m2 

\hfx,\ (|/ii')x,|2 + 4m2)3/2 2m, 

Let us define Xa = ha^Xi. The functions Za are monotonically decreasing functions of 
\Xa\, whose limiting values are given by: 

^a(|Xa|«mJ ^ _-l-f2 + ln^ + ^'^'^' 



327r2 V A2 3m2 



a 



Za {\Xa\ :>ma) ^ " ^ 1^ ^ " (30) 

Since ^ 1, the inverse Kahler metric is simply: 

K-j' = % - Za h^h^ , (31) 
and the one-loop effective potential is: 

= -Za{\Xa\) \ha-f?. (32) 

The effect of the one-loop corrections is to lift the tree-level fiat directions and to 
stabilize the pseudo- moduli fields Xi at the origin. More precisely, all Xj's are stabilized 
at the origin for P > Q if the couplings /li'^ are generic, while some fiat directions are 



still present for P < Q. This can easily be seen by expanding the effective potential ( 132|) 
for small Xi values: 

V^'' - const + ^ (2 + In ^ + ^ h^f^X.X^ • (33) 

All pseudo-moduli fields are stabilized at Xj = if the positive matrix 



has rank Q. For generic ha couplings, this is the case for P > Q (notice that in the 
case P > Q the fields Xa are not independent of each other). One should also keep in 
mind that the constraint > \ha-f\ has to be imposed in order to stabilize the fields 
iPa and Ya at the origin. 

Let us now reintroduce the messenger fields. The second part of the fermion mass 
matrix, coming from the messenger fields, gives: 

/|A-X + M|2 + |A|2|0|2 |A|V0t Xj<j)^{X-X + M)\ 

M2MI = i |A|V0^ |A-X + M|2 + |A|2|0|2 Aj0t(A.x + M) . (35) 

V A,0(A-X + M)t A,0(A-X + M)t A,A,(|0|2 + |0|2)/ 

It can be shown that this matrix has Q — 1 zero eigenvalues, corresponding to Q — 1 
tree-level fiat directions present both in the MSSM and in the messenger vacuum. The 
remaining eigenvalues are the solutions of the following equation: 

/i' (^/i' - |A|2(|0|2 + |0|2) - |A-X + M\^y = 4 |A|^ 1001' |A-X + . (36) 

In the MSSM vacuum, = = and another zero eigenvalue is found, corresponding 
to the Q**^ fiat direction of the tree-level scalar potential. 



3.1 One- loop corrections to the MSSM vacuum energy 

Due to the vanishing messenger vevs in the MSSM vacuum, the matrix ^2^2 has 
only two equal nonzero eigenvalues /i' = |A-X + Mp. Hence: 

tJm,_mU.^\ = 2|A..Y + M|Mn^^L±M. (37) 

Putting all contributions together, the Kahler metric is given by: 

Kij = 6,, + ZJ^Vi^ + Z'AiA, , (38) 
where the functions Za(|xa|) are given by Eq. f l2I?]) as before, and 

Z' = -j^(^n\\-X + M\^ + 2j . (39) 

In order to be able to write some analytic minimization conditions, let us assume that 
the pseudo-moduli fields Xi are stabilized close to the origin, namely that \Xi\ ^ m^, M 
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(later on we will derive condition for this to be the case). We can then expand the 
one-loop effective potential 



and, for P > Q, we find a minimum at: 



(40) 



(41) 



where the matrix Mfj has been defined in Eq. The pseudo-moduli fields Xj are 

therefore stabilized at small values |Xj| <^ nia, M as soon as nia <^ M (or even nia < M 
if the couplings ha'' are of order 1), implying that the messengers cannot be too light. 
Setting Xj = in the effective potential fHUl) then gives a very good approximation of 
the one-loop MSSM vacuum energy: 



1 



327r2 



5:iV/p(ln^ + 2) + 2|A./p(ln^ + 2) 



(42) 



Using the renormalization group equations of Appendix \^ it is easy to show that the 
In A-dependent terms in Vi are precisely renormalizing the tree-level vacuum energy 
One can therefore write: 



327r2 



El^-/I=(>"f-2)^2|A./P(l„^^2) 



(43) 



where the couplings in Eq. f H3|) are evaluated at the renormalization group scale /x. 



3.2 One-loop corrections to the messenger vacuum energy 



In the messenger vacuum, one has: 



A-X + M = , 



lAI 



A-/(l + e<^) 



(44) 



where is a one-loop correction to the tree-level messenger vevs. In Eq. we 
anticipated the fact that A-X + M = is also valid at the one- loop level, since there are 
no anomalous dimensions mixing the messenger fields with the O'Raifeartaigh fields 
(7^. = 7^. = 0). Thus, = = still holds at the one- loop level, and since 
F^ = — (A-X + M) (p this also implies A-X -|- M = 0. However, in order to keep 
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the full Xj-dependence of the one-loop effective potential, one must solve Eq. fl5Bl) for 
\-X + M ^0. This can be done in the limit |A-X + Mp < |Ap(|0p + \(f)\'^), in which: 



fxj ~ „ lA-X + Ml 



A*2,3 



lA 



2/1 i|2 



(45) 



+ 0^ ± 



2|A00| 



-IA.X + MI + 



|2 + |0|2)l/2 ' ■ ' ■ (|0|2+|0|2^2 

The Kahler metric then reads: 
where 

1 1 



|A-X + M|^ 



(46) 



Z' 



167r2 167r2(|0|2 + |0|2)2 
+ (l0r+l0r) In 



, (^^ 4|#p|A-X + Mp ^ 

2+1112)2^2 



AP(|0P + |0P1 



A2 



(47) 



Since AjFj = in the tree-level messenger vacuum, the term proportional to Z' con- 
tributes to the effective potential only at higher loop level. Hence, the one-loop effective 
potential reduces to: 



Y,Za\ha-f+{K-\) 



(4J 



Minimization of Eq. fl48|) with respect to </>, (j) confirms that the messenger vevs are of 
the expected form flH|) and yields the one-loop vacuum energji0: 



1'2 (X. 



E 



K-f - (ha-X) ^ 



(49) 



where the minimization with respect to the Xj fields remains to be done. Each function 
^a(IXal) is separately minimized for = 0. However, for P > Q the Xa's are not 
independent variables, so that it is not possible to set all of them to zero. Hence the 
one-loop messenger vacuum energy will in general be larger than ViiXa = 0): 

2 



f^ 



A,- . 



lAI 



A-/ 



ha-f - (ha-X) ^ 



(50) 



^ Since V2 corresponds to a stationary point of the scalar potential, it does not depend linearly on 
the one- loop correction e^. Terms quadratic in would be formally two- loop and have been omitted. 



12 



Using the renormalization group equations of Appendix \^ one can show that the 
In A-dependent term in V2, which has exactly the same form as the one in the RHS of 
Eq. (150|) . renormahzes the tree-level vacuum energy. One can therefore write: 



A,; . 



lAI 



A-/ 



ha-f - (/^a-A) 



A-/ 



lAI 



(51) 



where the couplings in Eq. fl5T]) are evaluated at the renormalization group scale /i. 



3.3 Comparison of the one-loop energies of the two vacua 



Let us now write the condition for the one-loop energy of the MSSM vacuum to be 
lower than the one of the messenger vacuum. Using Eqs. (j43j) and flSTjl . we obtain the 
following upper bound on AV = Vi — V2: 



AV < IA-/P 



+ 



|AP 



+ 



327r2 



327r2|A|2 



E 



ln^ + 2 



-y 

' a 



1.^ + 2 



:.c.] . 



\ha-X\ 



(52) 



The first line in Eq. f lS^ is dominated by the tree-level term and is therefore positive, 
while the second line does not have a definite sign. Since the latter is proportional to 
A-/, it can overcome the former, which is proportional to |A-/|2 (remember that we have 
required |A-/|2 ^ |A|2/2), and promote the MSSM vacuum to the ground state of the 
theory. For this to happen, a sufficient condition is that the superpotential parameters 
be such that the RHS of Eq. (1521) is negative. This condition simplifies in the case of 
equal O'Raifeartaigh masses = m to: 



IA-/P 



1 



1 



167r2 



IAP In 



M2 



+ 2 



E 



\ha-X\ 



< - 



87r2 



Re 



(A-/)$^(/^a-/)(/^a-A) 



(53) 



with all couplings evaluated at the renormalization group scale fi = m. Neglecting the 
terms suppressed by a loop factor in the LHS of Eq. fl53p . one arrives at the simpler, 
approximate condition (to be supplemented with the appropriate condition on the 
coupling phases): 

1 

8^2 



(54) 
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which is the main result of this letter. In terms of the couplings of the low-energy 
goldstino superfield, the same condition is expressed by Eq. ([2]). 

Let us now summarize all the requirements we imposed on the superpotential pa- 
rameters in order to arrive at Eq. f l54|) : 

|A-/|«|A|/, «M, \ha-f\<ml, \X-f\<M'. (55) 

The first inequality is the condition imposed on the difference of the tree-level MSSM 
and messenger vacuum energies, and is no longer needed once Eq. fl54l) is satisfiecif|. The 
second inequality ensures that the pseudo-moduli fields Xj are stabilized close to the 
origin in the MSSM vacuum, a fact that was taken into account in the computation 
of the MSSM vacuum energy. The last two inequalities are required to avoid the 
presence of tachyons in the O'Raifeartaigh and messenger sectors, respectively (the 
fourth one is actually an automatic consequence of the other constraints, which even 
imply |A-/| < M^). 



4 Final comments 

Let us review the assumptions made in the derivation of the condition fl5^ . First 
it was obtained in a specific class of perturbative supersymmetry breaking models 
coupled to messenger fields. The computation of the vacuum energies was limited to 
the one-loop level and made in the Kahler approximation (this is however legitimate 
in the limit of small supersymmetry breaking, \ha-f\ <^ 171"^ and |A-/| <^ M^). Finally, 
the validity of our one-loop computation is strictly speaking limited to the vicinity 
of the tree-level vacua, and we cannot exclude the presence of other minima in the 
one-loop scalar potential, although we view this as a rather unlikely possibility. All in 
all we believe that, while they do not constitute a rigourous proof, our computations 
and arguments provide strong evidence that quantum corrections can make the MSSM 
vacuum absolutely stable, even though instabilities in the direction of the messenger 
fields are present at tree level. An important point is that gaugino masses are not 
suppressed relative to soft scalar masses, in contrast to the tree-level supersymmetry 
breaking models discussed in Ref. [13] . 

Finally, we would like to comment on the constraints set by Eqs. fl54|) and fl55|) on the 
mass scales involved in the class of models we have considered. Imposing a perturbative 

^For /la •* couplings at most of order one, as required by perturbativity, Eq. ([SI)) actually implies 
^■/l ^ \Mfj oi' ^ weaker form of it. 
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upper bound of order 1 on dimensionless parameters, we obtain |A-/| < m^/(87r^) 
and |A-/| < M'^/{M'^). Since MSSM soft terms in the few 100 GeV - 1 TeV range 
require \\-f\/M ~ 100 TeV in perturbative gauge mediation, heavy O'Raifeartaigh 
and messenger fields are required: 

M > m„ > ^{W TeV)M . (56) 

The minimal allowed values for the various mass scales involved are: 

rua ~ 10^ TeV , M ~ lO^TeV , / ~ A^^^ (10^ TeV)^ , (57) 

where \x = (A-/)// is the goldstino-messenger coupling. As for the masses of the 
pseudo-moduh fields Xj, they are given by the eigenvalues of the matrix M^^ defined 
in Eq. and do not possess a model-independent lower bound; for /la-* ~ 1 and 
Ax ~ 10"^ they are of order 10^ TeV. All these states are well beyond the reach 
of high-energy colliders. Notice that the lowest achievable gravitino mass is of order 
m3/2 ~ 10~^ GeV (corresponding to Ax ~ 10~^), which allows to evade the most severe 
BBN problems associated with NLSP decays. Such a gravitino mass is also consistent 
with gravitino as cold dark matter. 

We conclude that heavy messenger and supersymmetry breaking fields seem to be 
required in order for one-loop corrections to ensure the stability of the MSSM vacuum. 
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A Renormalization group equations 



The renormalization group equations for the superpotential couplings f[T6|) are: 

1 



dt " 



d 
dt 
d 
'dt 



167r^ 
1 

167r2 
1 

167r2 



2|/^r/^i^) + ^/^i^^/^i^'^/^i^'^ + (/^a-A)A. 



3|ApA, + i(/i5-A)/i, 



1 TiW/iO) + AA 

2 'a "a ^ 



(A.l) 
(A.2) 
(A.3) 
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where = Ea E^a^/^^ 



B More about the messenger vacuum 

In Section 13. 2[ we argued that the term proportional to Z' contributes to the effective 
potential only at higher loop level, since AjFj = in the tree-level messenger vacuum. 
However, since the Z' function WJ\ diverges for \-X + M — )■ one can wonder whether 
it is legitimate to do so. In this appendix, we propose an alternative computation of 
the one-loop effective potential in the messenger vacuum, based on the exact inversion 
of the Kahler metric, which supports the result of Section 13.21 

Starting from the Kahler metric: 

= 5,j + Zah'^f^h^'^ + Z'\i\ 
we can formally invert it exactly into: 

Z' ZcZd 



(B.l) 



6,,^-Zkhy^N7M- 
Z'Z, 



'jk ^bii-a ^"ab "'b 1-|-|APZ^ 



-{X.K){X.h,)h^^'>N;,\M 



)db"'b 



+ 



l + \\\^Z' 
Z' 

1+ lAPZ' 



Z'Zt 



1 + 



1 + lAPZ 



;(A-M(/.,-A)M„V 



(B.2) 



where the matrices M and are defined by: 



^ab + Za ha-hh 



Mab = 
Nab = Sab + ZaK-h ■ 

In the limit ^ 1, ^ 1, we obtain: 

XjXk 



ZaZ' 



1+ lAPZ 



-iha-X)iX-h) , 



(B.3) 



lAI 



, (A-M(/^a-A) 

iaF — ^ 



+ 0{-,Za 



(B.4) 



Thus, even though Z' diverges, the inverse Kahler metric remains finite. It is interesting 
to note that taking the limit — )■ oo leaves the term — AjAfc/lAp in Eq. (]B.4p . which 
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is not suppressed by a loop factor. Now the one-loop vacuum energy reads: 



lAI 



IA-/P 



(where we have inserted the tree-level messenger vevs 
with Eq. 



A 



(B.5) 



-A-//|A|2), in agreement 
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